Abstract. Sunitinib is a novel, multi-targeted receptor tyrosine kinase inhibitor, which has demonstrated evidence of improved survival when compared to interferon (IFN)-· in patients with metastatic renal cell carcinoma (RCC). Recently published National Institute for Health and Clinical Excellence guidance recommends sunitinib as a first-line treatment option for patients with advanced and/or metastatic RCC. We assessed the efficacy and toxicity of sunitinib in an unselected group of patients with metastatic RCC, and compared outcomes in clinical practice with published clinical trial results. Between June 2006 and March 2008, 56 patients with metastatic RCC gave informed consent for commencement of sunitinib treatment at our institution. Median age was 61 years (range: 33-78); 68% had clear-cell histology; 86% had undergone prior nephrectomy; and 50% had progressed on IFN-· prior to commencement of sunitinib. Sunitinib was administered orally at a dose of 50 mg once daily, in 6-week cycles consisting of 4 weeks of treatment followed by a 2-week break. All patients were evaluable for toxicity, and 49 for response. The mean dose of sunitinib was 38.15 mg/cycle (range: 25-50); and 402 cycles of sunitinib were delivered. Partial response and stable disease were observed in 41 and 37% of patients, respectively. Median progression-free survival and overall survival were 12.2 and 18.2 months, respectively. The most common adverse events (all grades) were mucositis (79%) and fatigue (75%). Grade 3/4 neutropenia was observed in 13%, and treatmentrelated hypothyroidism in 20%, of patients. Dose-reduction was necessary in 75% of patients, and 32% needed hospital admission for treatment-related toxicities. The results from this study confirm the efficacy of sunitinib in the first-and second-line treatment of an unselected group of patients with metastatic RCC. Compared to published data, there was a higher incidence of treatment-related toxicities and a greater necessity for dose-reductions. Despite the increase in toxicity, these results are encouraging and imply that the clinical trial results seen with sunitinib can be translated into routine clinical practice.
Introduction
Renal cell carcinoma (RCC) is the 11th most common cancer type in the UK, with 7,380 new cases diagnosed in 2005 (1) . Approximately 25% of RCC patients present with either locally advanced (stage III) or metastatic (stage IV) disease (2) . Without treatment the prognosis of patients with metastatic renal cell carcinoma (mRCC) is dismal, with a median survival of between 6 and 12 months and a two-year survival of between 10 and 20% (3). Historically, immunotherapeutic agents such as interleukin-2 (IL-2) and interferon-· (IFN-·) were the only treatment options available. Despite low response rates (~15%), and limited impact on overall survival (OS), cytokines dominated the treatment of mRCC for nearly two decades (4, 5) . Treatment with cytokines, particularly IL-2, is associated with significant toxicity, including hypotension, capillary leak syndrome, and central nervous system toxicity, necessitating intensive care admission in many patients. Although complete responses are seen in a small proportion of patients receiving IL-2 therapy, there is considerable treatment-related morbidity and mortality (6) (7) (8) . There are no randomised trials comparing high-dose IL-2 with less intensive immunotherapeutic approaches.
Recently, a better understanding of the biological mechanisms of carcinogenesis and signal transduction pathways, has transformed the paradigm for the management of mRCC, with the introduction of tyrosine kinase inhibitors. Sunitinib malate is an orally-administered multi-target receptor tyrosine kinase inhibitor (TKI), with anti-proliferative and antiangiogenic properties, targeting the vascular endothelial growth factor receptor types 1-3, platelet-derived growth factor receptors · and ß, FMS-like tyrosine kinase-3, stem cell factor receptor (c-KIT), and RET kinases (9) . Two phase II studies (n=169) demonstrated adequate anti-tumour efficacy (response rate 42%; median progression-free survival 8.2 months) and a manageable toxicity profile of sunitinib, in patients with cytokine-refractory mRCC (10 Patients in the sunitinib arm had a higher incidence of grade 3 diarrhoea (5% versus 0%), vomiting (4% versus 1%), hypertension (8% versus 1%) and hand-foot syndrome (5% versus 0%), whereas treatment-related grade 3-4 fatigue was significantly higher in the IFN-· arm (12% versus 7%). Median progression-free survival (PFS) was 11 months in the sunitinib arm, compared to 5 months in the IFN-· arm (p<0.001). The median OS was 26.4 months in the sunitinib arm and 21.8 months in the IFN-· arm (hazards ratio: 0.821, 95% CI 0.673 to 1.001, p=0.051) (12) . Recently published National Institute for Health and Clinical Excellence (NICE) guidance recommends sunitinib as a first-line treatment option for patients with advanced and/or metastatic RCC (13) . A recent Canadian population-based study has demonstrated improved outcomes in patients with mRCC associated with the introduction of sunitinib (14) .
This study assesses the impact of treatment with sunitinib in terms of OS, PFS, and toxicity, in an unselected group of patients with mRCC, and assesses the reproducibility of the clinical trial results in routine clinical practice.
Patients and methods
Between June 2006 and March 2008, 56 patients with mRCC gave informed consent for commencement of sunitinib treatment at our institution (University Hospital Birmingham NHS Trust, Birmingham, UK). Their median age was 61 years (range: 33-78), and 38 patients (68%) had clear-cell histology. Eighty-six percent of patients had undergone cytoreductive nephrectomy, and 50% had progressed on IFN-· treatment prior to commencement of sunitinib. Baseline demographic and patient characteristics are described in Table I . Treatmentrelated toxicity, clinical response, PFS, and OS, were analysed. Sunitinib was administered orally once daily in six-week cycles: one cycle comprised four weeks of treatment followed by a two-week break. All patients were assessed on day 1, 14 and 28 for the first two cycles, and thereafter as clinically indicated.
Objective clinical response [complete response, partial response (PR), stable disease (SD), or progressive disease (PD)] was evaluated by Response Evaluation Criteria in Solid Tumours (RECIST) using computed tomography scans. Adverse events and laboratory abnormalities were evaluated using the National Cancer Institute Common Toxicity Criteria (version 3.0) of the National Cancer Institute. Univariate analyses of OS and PFS were undertaken using the KaplanMeier method, with tests of statistical significance performed using the log-rank test and with 95% confidence intervals constructed using the complementary log-log of the hazard function. OS was measured from date of sunitinib consent, to date of death from any cause; date of death was determined using patient notes and the National Health Service strategic tracking service. PFS was measured from date of sunitinib consent, to the earliest of date of first objective evidence of disease progression or date of death. Estimates of hazard ratios were obtained using the Cox proportional hazards model, with 95% confidence intervals constructed using the standard error of the regression coefficient. Tests of statistical significance were carried out at the 5% two-sided significance level.
Results
Treatment delivery. Four hundred and two cycles of sunitinib were administered to 56 patients. Seven patients (13%) discontinued treatment within 4 weeks of commencement of first cycle of sunitinib. Forty-two patients (75%) required at least one dose-reduction; 13 (23%) required two; and six patients who started treatment at a low dose-level were subsequently dose-escalated by at least one dose-level. The mean dose of sunitinib delivered per cycle was 38.15 mg (range: 25-50). Table I . Baseline demographics and clinical characteristics.
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Toxicity. All patients were included for assessment of toxicity. Percentages relate to the number of patients experiencing the stated toxicity at any point during the treatment period. The most commonly reported adverse events were mucositis (79%) and fatigue (75%). The most frequently occurring laboratory abnormalities were anaemia (91%) and leucopenia (79%). Treatment-related adverse events and laboratory abnormalities are described in Table II . Twenty percent of patients required thyroxine replacement therapy for treatmentrelated hypothyroidism. In total, 18 (32%) patients required hospital admissions during treatment; four of these admissions were for management of perianal abscesses, and one was for management of a lung abscess.
Efficacy: response rate. Radiological response was evaluable in 49 patients. A PR was observed in 20 patients (41%), SD in 18 (37%), and PD in 11 patients (22%). Response could not be assessed in 7 patients due to the following reasons: early treatment-withdrawal due to toxicity (n=3); and death within 6 weeks of commencement of sunitinib (n=4).
PFS and OS.
Median PFS and OS for all patients (n=56) were 12.2 months (95% CI: 9.0 to 16.0) and 18.2 months (95% CI: 16.0 to 30.0), respectively ( Figs. 1 and 2 ). There was no statistically significant difference in median PFS or OS between patients who received prior immunotherapy (n=30) versus those who did not (treatment naïve group; n=26).
Discussion
Six molecular targeted agents have so far been approved by the US Food and Drug Administration for the treatment of patients with advanced RCC (sorafenib, sunitinib, pazopanib, bevacizumab combined with IFN-·, temsirolimus, and everolimus). So far sunitinib is the only TKI approved by NICE for patients with mRCC. Prior to NICE approval, the usage of sunitinib in the UK had been limited, as the majority of primary care trusts refused to fund this drug. Usage of sunitinib has now increased in the UK, and therefore it is important to know whether the efficacy and survival data seen in clinical trials can be reproduced in day-to-day clinical practice.
Our study demonstrates a PFS of 12.2 months and an OS of 18.2 months in an unselected group of patients with mRCC, which is encouraging. There was no statistically significant difference in PFS or OS between patients receiving sunitinib as first-line treatment or following prior immunotherapy. Compared to published evidence the incidence of mucositis of any grade (79% versus 25%), fatigue (75% versus 51%) and hand foot syndrome (36% versus 20%) were considerably higher in our study, although the incidence of grade 3 or 4 toxicities was comparable (8) . In comparison to other studies, ONCOLOGY REPORTS 24: 507-510, 2010 Table II. Adverse events and laboratory abnormalities for 56 patients treated with sunitinib. - a greater percentage of patients in our study required a dosereduction (75% vs. 32-35%) (8, 15) . As half the patients in this study were being treated in the second-line setting this could have contributed to the increase in toxicity. However, it is interesting to note that in a phase II trial of sunitinib in cytokine-refractory mRCC patients; only 35% needed a dosereduction. Sunitinib-induced skin toxicity has been reported in several studies, but none of the studies reported any cases of perianal abscesses (8, 16) . Patients included in our study represent an unselected group with mRCC and therefore the results demonstrate the reproducibility of clinical trial results in the general population, albeit with a slightly higher toxicity, as may be expected with less stringent patient selection criteria than is typical in the clinical trials setting. Of particular note is the high incidence of hypothyroidism, which we recommend should be monitored carefully in all patients receiving this agent.
In conclusion, the results from this study confirm that the efficacy of sunitinib in the first-and second-line treatment seen in a trial population can be reproduced in an unselected group of patients with mRCC. Compared to published data, there was a higher incidence of treatment-related toxicities, and a greater necessity for dose-reductions. Despite the increase in toxicity, these results are encouraging and imply that the clinical trial results seen with sunitinib can be translated into routine clinical practice.
